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® Hybridisation probes. 

%^7!ZlZs%7^tT!l'!:f' base sequence from a variant base sequence comprises sub,ect.ng 
J^dn^^^lt^^T '^V??"" '° hybridisation with a detectable first nucleotide probe and with a 
whTr^ meT^^^^^ ^-'--e of the first and second probe being sucri that 

sub)ec«n/an. hybn^bt^n^ rnCanVd^r^^^oSr^^^^ ^""^^"-^'^ 
Hybndisaton probes and kits for use in such a method are also described. 
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HYBRIDISATION PROBES 



TO 



The present invention relates to a method for tne use of hybridisation probes, hybridisation probes 
therefor and kits for use in such a method. The present invention is particularly concerned with dis- 
criminating a specific base sequence from a variant base sequence and relates in panicular to the 
advantages which may be obtained by subjecting adjacent segments of a target base sequence to 
hybndisation with a detectable first nucleotide probe and a second nucleotide probe. 

The present invention thus relates inter alia to discriminating specific base sequences whilst ameliorat- 
ing the problem of background non-specific hybricisation commonly encountered with Hybridisation of short 
oligonucleotide probes to complex genomes. 

Nucleic acid hybridisation analysis is a technique of wide applicability in the fields of biomedical 
research and recombinafrt DNA technology. Thus for example hybridisation probes are useful for detecting 
monitoring, locating and isolating nucleic acids and other molecules of scientific or clinical interest 
Particularly useful are small oligonucleotide hybridisation probes which may for example be used to detect 
changes in DNA base sequences in relation to certain disease states such as phenylketonuria, alphaan- 
titrypsin deficiency, alpha-and beta-thalassaemia and sickle cell anaemia. These disease states are often 
75 associated with known single point mutations in genes. 

Whilst short oligonucleotide hybridisation probes are of considerable utility, they are usually associated 
wrth a high background of non specific hybridisation particularly when used for analysis of the genomes of 
higher organisms.- This problem arises from the greater complexity of the genome. Thus for example 
mammals may contain of the order of a thousand-fold more DNA per cell than baaeria. and many of the 
20 nucleotide sequences may be repeated. For any given nucleotide probe therefore stable duplexes 
(hereinafter also referred to as hybrids) other than the desired duplex will usually be formed. This problem 
is particularly exacerbated by using very high oligonucleotide concentrations in order to accelerate the 
hybridisation process. This problem can be circumvented by using gel electrophoresis to resolve different 
DNA (or RNA) fragments before oligonucleotide hybridisation to ensure that a specifically hybridising 
25 fragment is resolved from non-specifically hybridising fragments. For example. Woo et al (Banbury Report 
Recombinant DNA Applications to Human Disease. Cold Spring Harbor Laboratory (1983) piOSrliO) 
employ the Southem transfer technique to resolve small restriction fragments hybridising to an alphai - 
antitrypsin oligonucleotide probe from higher molecular weight species of DNA which also hybridise to this 
probe. 

M Oligonucleotide hybridisation analysis of complex genomes using gel electrophoresis requires the 
preparatton of 'pure DNA (or RNA) molecules from the organisms, fragmentation of DNA molecules by 
treatment with restriction endonucleases and. in most cases, transfer of resolved DNA (or RNA) molecules 
from the gel to a solid support for hybridisation. The complexity of this procedure makes it unsuitable for 
routine diagnostic use and difficult to automate. 

35 Simpler methods for hybridisation analysis with specifically hybridising long polynucleotide probes are 
exemplified by J Brandsma and G Miller. Proc. Nat Acad. Sci.(USA) Vol 77 (1980) p68Sl-6855 for DNA and 
by T. Manser and M L Qefter ProcNatl. Acad.Sci USA Vol 81 (1984) p2470-2474 for RNA and involve 
directly immobilising DNA or RNA from crude cellular lysates onto solid supports. Because of non-specific 
hybndisation, such direct immobilisation methods are not usually compatible with the use of oligonucleotide 

40 prot)es. 

In addition to the above problem of background non-specific hybridisation the present invention also 
relates inter aha to simplifying the detection of translocations which hitherto have only been detectable bv 
gel methods. 

The present invention is thus based, at least in part, on the discovery of a method for discriminating 
between aitemative nucleotide sequences whilst ameliorating the above-mentioned problems. The method 
of the present inventon is thus of interest in inter alia simplifying the detection of translocations and 
enabling a mutation in a given base sequence to be readily detected by for example allowing meaningful 
analysis of direaly immobilised DNA or RNA samples or alternatively DNA or RNA samples in solution. In 
this connection it is known that the shorter the nucleotide probe the poorer is the selectivity of hybridisation 
and thus correspondingly the greater is ttie background. Moreover the shorter the nucleotide probe the 
weaker is the stability of the duplex formed as measured by its melting temperature (Tm) which is the 
temperature of the midpoint of thermal transition. The present invention is based at least in part on the 
discovery that the different hybridisation properties of a short nucleotide probe relative to. a comparitively 
longer nucleotide probe may be exploited to advantage in discriminating beMveen aitemative nucleotide 
sequences, whilst ameliorating the above-mentioned orobiems 
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The present invention is furtner based on the discovprv of ^ 

. - a^r:.^ re:r ™ t.- ':::::r:z::err - --"^^^ — ^ 

target base sequence to hybridisation w.th a deteaab^st 0.^^. '^""^ ^^^'"^"'^ °' ^ 

probe, to form a hybrid, me nuCeot.de sequence of me ^s^ ZTT '"^ ' "^"^'^^''^^ 

form a split probe f,ybrid witn a com^men^rtargr seouen^^^^^^ 

subjecting any hybrid Obtained to linkage followed bv dlm^ r^^ ^ ""^^ subsequently be linked 
the DNA sequence of the detectable S n "otde^re nd of 7. '"'"T'^''^^'- 
that a potential mismatch in the target sequencriies eTher ^« s««>"cl nucleotide probe being such 

Of one Of said probes, which terminal endTconCus wim me ome"r of'the " ''"^""'^ 

the method being effeaed such mat a complementarv tarnl «!, 

sequence wim one or more non^omplemerry nudSes ' " ^"'""^"^^^^^ ^^om a target 

's )|!'*'®'* "«»ssary any hybrid obtained following linkage may be suoi«rt«H . 

The presence of a linked probe mav b« a^t^^c^ l subjected to selective denaturing. 

denaturing or where one of me pr^beTL^es one ^e-^^^^^^^^^ "'"'"^ '''''''^ 

member of me binding pair. Appropnate examples oT brndl p^.s'ardiL 'T.'' °' 
appreaated mat one might identify eimer a comntemant!! d'scussed hereinafter. It will be 

^0 me absence of a decteaLe hybrS ^d t is .s°Xrw2n mf "^^-^^^^'^--^-^ target sequence by 
Jt will be appreciated that h'itherto d.scnm nato;TpecS^^^^ 'J'"' 
Of me temperature of hybridisation and washino of bound rtS ^^'^"^"^ ^^^^'^l '"^"ioulation 

probes are designed to hybridise tn t.^ ZZ:il^r:^ ^^''T"'^'^ Present invention the 

a gap. preferably a single nucleotide gar^lee^^^^^^^^ °' ' "''^"'^^ch. mere be.ng 

. to contiguous sequence's in theTa^get': quInTanrpot^^^^^^^ mismatchT ^° 

Of one Of me probes which terminal end ,s contiguoT^m Z ll^ «"<^ 
mventiori is mat specificity is mainly me result of me inre L«n I^Z ""^^^ °' ^''^ 

probes and me means of linking the afores^i pr^bes frramoTrTnMr i"'^*^^"'^^""^ '"^eracting 
.hvention enables a memod of discrimination to be eZ^JZ I . "5"®- "^^"^ P^«ent 

» DNA ligase is expected to be less efftTnt v^err^ rJ^^^ ^^'"P'e T4 

contiguous probes to be pined a^^ nrcompTement^ to h"/l'' °^ '''^ °' 

Simiteriy Where a gap. preferably a sinl TcSde ^ '° ^'''^^ ^« hybridised, 

invention enabtes a method of discnSion tTS^t^^e^^^^^^^ '"^ P^"*"^ ^« ^--^ 

example me KJenow fragment of DNA polymerL I Ir^^J o nucleotides with for 

' and allow linkage, wim' for example DNA 'Sse iTlelZTr t ^"''^ '° ^'^^ 

nudeotde triphosphate added, to for example m^ ONA L? "5"""""^ ««*c.ent where me deoxy 
to me base residue under examinaton Polymerase reaction mixture Is not complememary 

the P"^™ 'rSireSC^^^^^ ^ -^«--V simpli«ed and allows 

example me need to rely on me use of°3 " y^i^ration o^^" "T"'''" ^or 
specific time may be obviated mus cZcl^T^TZ^L T ' ""^^^ '^n^Perature range and for a 
narrow margins of error. The present mvenZ even ren^t^^^^^^ T '"^ ^^"'''"^ "^''^'^ ^^«« P" 
effea the hybridisation analysis at room xTmZZ^e ' ' '^'^ embodiments to 

.gh^reTu^^i^r ^^^^ ^ - ~ 

the hybrid, if necessary, being denatured pr^^to aet^«n « k ^ f T"^ '^^^^ '^^'^^'^^^^ P^««"t. 
resulting from me absence of hybrid aLssTm 1' '° '^^^^^^ ^ ^^^^"^'"^ 

hybrid formed, where a target sequence wTone o^^m^^^ °' '^'^^^ denaturation of any 

Thus Whilst me first nuclide p^ot^ IT 7e^:^^ZT^r ""'^'^"''^^ 
detec^le depending on me embodiment of ZZ T^\Zo^T ""'"^''^ " ''^ 

The term detectable is used herein to mean cap^e of d^tZS 
not carry a signalling means such as a radioa^"^, or a n^°"H 

such may be present, provided that the orobe ma7 °I ~'"P'«''- although 

Signalling. ,t is mus possL to disTrfmi «e be^ee^sUe^^^^^^^^ ' ^^^^'^ 

as one base pair. oeween sequences m a complex genome differing by as little 
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Where a split probe hybrid would be formed following nybridisation, with a complementary target base 
sequence, any hybrid obtained is subieaed to a linking reaction for linking the detectable first nucleotide 
probe to the second nucleotide probe, any hybrid obtained being subjected to appropriate treatment 
whereby any hyorid present, in which linkage of the oetectable first nucieotioe probe to second nucleotide 

5 prooe has not been effected, is denatured whereas no denaturation is effected for a perfectly complemen- 
tary aetecxable linked oiigonucieotide-target sequence hyond. Where a probe is designed to hybridise to a 
portion of tne target sequence which contains a suspected mismatch, the probe will generally be an 
oligonucleotide (as hereinafter defined). Appropriate treatment may for example include selective denatur- 
ation or one of the probes may comprise one member of a binding pair. Linkage of adjacent stable hyonds 

10 of first and second nucleotide probes results in greater hybrid triermai ^stability for the detectable 
oligonucleotide hybridised to a specific target sequence as opposed to detectable oligonucleotides hybridis- 
ed to non specific target sequences with no adjacent oligonucleotide probe present. 

The expression "oligonucleotide" as used herein- means a nucleotide sequence which is either 
incapable of forming a hybhd with a target sequence containing as little as a single base pair mismatch or 

75 is capable of forming such a hybrid, such a hybrid however being destabilised by the presence of as little 
as a single base pair mismatch such that it may be selectively denatured under conditions which would not 
denature a corresponding perfectly complementary hyorid. 

It wilt be appreciated that the potential vahant sequence may be present in the segment of the target 
sequence to which the detectable first nucleotide probe hybridises, it may be present in the segment of the 

20 target sequence to which the second nucleotide probe hybridises or it may be present between the said 
segments. The probes will be designed such that where the potential variant sequence is present in the 
segment of the target sequence to which either the detectable first nucleotide probe or the second 
nucleotide protDe hybridises, then the potential variant sequence will be at the terminal end of one of said 
probes, which terminal end is contiguous with the other of the said probes. 

25 Thus for example where the potential variant sequence is present in the segment of the target 
sequence to which the second nucleotide probe hybridises, formation of a split probe hybrid, will result 
either in formation of a weak hybrid of the second probe across the mismatch or if the second probe is very 
short no hybridisation at all. Where a weak hybrid is formed selective denaturing will result in denaturing of 
the second probe hybrid. If the hybrid obtained is then subjected to linking, linkage can only take place 

30 where the second probe is hybridised to the target sequence and thus where no mismatch exists in the 
second probe; target sequence hybrid. If the hybrid obtained after linking is subjected to selective 
denaturing any hybrid present in which the first probe alone is hybridised to the target sequence without 
linkage to the second probe will denature thus leaving detectable probe hybridised only to the target 
sequence which does not contain a mismatch with the complementary sequence of the second probe. 

35 The first or second nucleotide probe may if desired have one member of a binding pair. Generally the 
one member of a binding pair will be carried by. or be pan of. the second nucleotide probe. The other 
member of the binding pair may be in solution or on a support. Thus where appropriate, the second 
nucleotide probe linked to the detectable first nucleotide probe may be isolated on a support carrying the 
other member of the binding pair. Such a binding pair may for example be a protein-ligand or antigen- 

40 antibody interaction such as an avidin-biotin or dinitrophenyl-antidinitrophenyl antibody interaction. 

Indeed one member of the binding pair may be a nucleotide sequence, which sequence may be a 
portion of the probe sequence or may be a nucleotide sequence branch on the probe. The other member of 
the binding pair may for example be a protein which binds to the nucleotide sequence or another nucleotide 
sequence to which it hybridises. 

45 The hybridisation and/or selective denaturation is preferably effected at a temperature selected to give 
effective hybridisation seiectivity. preferably maximum hybridisation selectivity for the specific length of the 
linked probe. Advantageously the hybridisation and/or selective denaturation is effeaed in aqueous solution 
at an elevated temperature suitable for selective hybridisation to a mammalian genome which for a split 
probe when linked is preferably above 60 •€ generally about 68* C. Alternatively hybridisation and/or 

50 selective denaturation of such a split probe when linked may be effected at a lower temperature in the 
presence of an organic solvent which is effective to destabilize the hybrid, such as a solvent containing 
formamide. For example where about 50% formamide is used the hybridisation and/or selective Denatur- 
ation is effected at about 42* C. 

In a further embodiment of the present invention there is provided a method of hybridisation orobing 

55 which comprises subjecting adjacent segments of the target base sequence to hybridisation with a 
detectable first nucleotide probe and with a second nucleotide probe such that a split probe hybrid would 
be formed with a complementary target sequence, where necessary subjecting the hybrid obtained to 
selective denaturing whereby to denature whichever of the first and second nucleotide probes is hybridised 
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to a ponion of me target base sequence with one or more non-complementarv nua^Una. .„h . 
quently subjecting the hybrid obtained to a linKmg reactron whereby to lint ogether^^^^^ 

The hybridisation or selective denaturation may be effected tor pyamr^l^ . * 

The first and second nucleotide probes may be linked by anv conveni«nt 
for example by enzymatic ligation using, for example a DN7,oSe^^^^^ 

using for example a biotin-avidin cross-link ' ^ covalent/non-covalent linking 

0 a spirt probe will have one member of a binding pair associated therewith and will hybncJse to oenom^c 

""»">=«»"«l ="1 "oMeaaaU. s«=™, nucleotide probe " 
bybriO ZaT,^^^J^ . ™"~' ''""P'is.ns formation ol a split probe 

-J^r^o. rS.^2 «« «esen. .nve^icn. there is provided I method as herSore defined 
ateTr^i^in . "^"^ nucleotae probe and second nudeotioe prebe carry a moiety such that 

"^'T » ''"^ OetocILrira^nucteot^ 

Jir^irrreTd^r^eZr ^^--^ ~ - 

The nucleotide probes may for example be oligonucleotide probes 

ProoZZ'^lVl^Tr''' "''d ''T'"" non-radioactive energy transfer 

chanZTtei'^iJ^^^ f^o- ^0685 of Standard Oil Co.) or enzyme 

embcjdimL; ^ example European Patent Publication No. 95087 of Syva Co) Thus this 

embodiment may provide a homogenous assay for a specific target nucleotide sequence 
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In anotner embodiment of the invenuon there is provided a memor. fo. h 
alternative nucleotiae sequences in wn.ch a target seouence slulaedTo nl. ,'.'^'="'^'"^»'"9 "^'-ee" 
two oligonuceotioe probes such th.r w no.» a cornpiememarl taroLt ,1 "yt>r,d.sat.on with more tna n 
^ ^tn^jsot^. the deteaablelrst nucleotide proorbe no erm.nt^oT'' " ^^"^'""^ '^^" ^ 

5 aetectable and me second nucleotide probe be!ng the othe^ term nT n, '^^'^ 
a«ached thereto one member of a binding pa.r irTdliaual Ither oZ^.^ ''^^^ 
separately but adjacently to a contiguous target sequeTelteen hTs J^^^' T.'^'^ '""^ 
the hybnd obtained is then subjected to selective denatura7n l^eX ,r^^^^^^^^^^ o"9onuc.eot.ae probes, 
probe hybridised to the target sequence across a bas« n^Tr m c ^ tienaxure any oligonucleotide 

0 probes linked to join the deLabie Ton!^^^^^^^ oroL .o T ' o'i90""cleot,de 
Of a binding pair attached thereto to °- ---- 

the other member of the bindino pair wherebv fh« ^1,11^1^ , . . <3ehatured and contacted with 

the s^d binding p.r may be se?ara™ rr n c^^^^^^^^^^ "^"^"^^ '"^'"'^'"^ 

(hybridising adjacent to a series of other oligonucleotiS Mor^xTp^ Jj^^ 

s Signalling moiety whiie the other terminal oligonucleSriis aSS^ed a^^^^^^^^^ ' 

pair the moiety being effective to enable the oligonucLo2?e to be recove^^T °' ' ^'"'''"^ 

containing other nucleotide sequences AdiacenSv hv^drinLn ? so'"t'on from a mixture 

appropriate treatment in order to eH^Le^ To" he s^^^^^^^^ 

Where no oligonucleotide hybrid is denatured inor to liZe Loss of tv ind T'!"! ' ^^"'^^ 
results in subsequent failure to join the sionallir^n InH k' w ^ '"d-vidual oligonucleotide hybrid 
denatured and contacted with the pt er member of the . '^^^'^ 
Oligonucleotide in the linked probe i^l TnC pro e Ly H irdesT^S' J""'""" 
Oligonucleotides in the mixture and then analysed for the prTsence o, t^e dete^^ "1^''' 

Thus the association of the binding oligonucleotide with the sionaTno oHo^ . ?!^- 
me presence, upon linking of adjacently hybridised 0 i gonucS^ 's dependent on 

between the hybridised signalling olioonucleotide and tho hrnH ? adjacent oligonucleotides 

by detection of any hybriTlbt^n^ Such dp^'t ' T'^''^ "^^^ «9ation. followed 

Obtained to selective ;«n«~:^.r:.."!"'T.'"^^ ''^ e«e«ed by subjea ing any hybrid 

z zz'z ".a"'srr;i^r -~ ' » - 

— - capable of producing a 

«r:ory '^^^^ compnse a 

action. « win be understo^ tha^e ^,tall.no ni^^ jUnitrophenyl-antidinitrophenyl antibody ,n,e.- 

be capable of producing Ts qnL bv^nte^^no '^'"'"^ '"^^ "^^^^ °' =*9nalling or may 

se . Thus, for example a prXed '1^.^ o J nf f." according, to methods known oar 

for producing an enzymaSHi^ivld '"L^ ^ T ^"^'^'^'^ ^^^^'^^^ incorporates a sysii;^ 

alkaline Phospnatase TdrphLThS bern^l" , "'"'^"''^ ^"^"^ ^^^^"^^ 

enzyme systems are not themSvrc^pS oTs onii °' ^^^^ 

presence of an appropriate substr«e^S Ll T J' "^^'^ °' = ^*9"-' 

covalently-attached ^esfdue may 0^^^^^^^^^^^ "^T" " ^i- The signalling par of tne 

luminescence, fluorescence or by r^e^s of So^^ '° conventional technique such as for example by 
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. within the probe a means of amplity.ng the stn^ThrZ^ T ' ^°^^"'^9eous to incorporate 
techniques, (or example usmg one oT morl of L l" ?^ ^"'P'-^'^'-on can Oe earned out by known 
S.27036 (Self,. 49606 (Self), SesLTselfU^^^^^^^ '^-^ ^"'^"-.ons 

com™ ™;?r^^^^^^^^ 7 spi.t probe hybrics wn,ch 

segments of a target base sequence the de?Jh.«fJ^^^^ hybridised to adjacent 

second nucleotide probe °«»««able first nucleot.de probe being capable of linkage to the 

'° Of a bie's^^^e^so^r :r L^^^^^^ rhom^r " ™ '° ^ — 

such a variant sequence or homologous t^the cS^esS^nZ^^^^^^^^ ' '''' ^"'^^^"^ '° 

generally a point mutation. Where the sLuLn^T^ sequence. Such a vanant sequence is 

leature o( lti« invention. '^'^ '"' " ""'elwe regaraea as a lunnor 

«-i"af,:^^:^,t^arCr«s°l"*°=^'"' '""r "-^-'-^-c *=c,in,i„a.n5 

'^e:=s^r^n.~Er^Er^^^^^ 

3a and a second nucleotide proS Tor TetS^o the ' P^^^^^ 

mutation was absent ^ correspondmg normal sequence in which the point 

determine that each relevan?point riuTation wL nrl J . T' " ' ''^ ""PP"^"' to 

as (deteaable first nucleotide prora^d seconHuc^^^^^^ 'k '"^^^ °< P^P°es 

probes to detect the presen^T absence of eaci ^^^^ 1 ""^^ ^'"P'^y*^' 

on a^'d sujSoa ^'^"'^^^"^'^ ""^^ e«racting DNA and/or means for immobil.sing DNA 

" one mrn^rcJ^ardr^^r^r^^^ S™"^ — — ide probe may carry 

support provided with the kit '^'"S P'®^*"^ example on a solid 

-5 With reference to the dra Jngs . ^ ' °' ^^"^^"^ 

i?rp.lsLrp.PsTrr^^^^^^^ ^-^-Pe P^ ^-n .te^eron alpha, 

and K represents the DN^ ZZce whfch^ofes ; The f.""'"^ '^'^ ^° 

which the codon TCC is replac^ by ScT T^is Tajjlue bL^^^^ ''''' [Aia-JIFN-alpha, m 

Figure 4 is an autoradiograph in which ire S !h« " 'lesignateo as pK9. 

Oligonucleotide marker band i^e shows a^L^i ' corresponding to a 32 base long 

dehved from Oligonucleotides llH, andT(seeTrlar^^^ ' "5«'p" P^PP"Pt 

at its 3- end. Lanes 2 to 5 fail to shown any siqn^ ^nlT^^^ T T ' ""^'^ ''^^^ ^^^^'^^^ incorporated 
Figure 5 shows an autoradiograph o ai^uoS of37:^^^^^^^ oligonucleotide. 
« tro 4. 5- 32p CRN1 and 5' «p CRN2 carried oS t^n 0 40? T """^"'"^ °" ^ °" 
appearing at the top of the autoradiograph 0°s a noTJ * ^'"Peratures of incubation 

bromophenol blue marker ^ ^ "p e^^yme control. BPB indicates the position of the 
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Figure 6 snows an autoradiograph of aiiquots of l.gase reaction n^.xtures containing 5" OH tro 3 S' OH 
S 4. 5 CRNt and 5" CRN4C earned out between 0 and 40-C, these temperatures ofTncuoat°on 

:roZsi^rLrr~"^- '-'^ ' "° ^""^^ - 

' , ^" autoradiograph of aliquots of l.gase reaction mixtures containing 5" OH xro 3 5" OH 

goear nc at the 0^', ^""'^ '^'"^^^ ° "^'^ temperatures oTTncuba^on 

appearing a the top of the autoradiograph. 0-is a no enzyme control. BPB indicates the position of the 
bromophenof blue marker dye. u.uuics me posinon ot the 

The invention is illustrated, but not limited, by the following Examples. In the Examples unless 

»o otherwise stated, the solutions are aqueous and the % values are w/v. ' "a^'P'es. unless 
The constitution of various reagents is as follows:- 
SSC is 0.1 5M NaCI + 0.01 5M sodium citrate- 

s 

rs 10 X CORE BUFFER is 500 mMTrisHClpHS, 100 mlwIMgClj. 500 mfwl NaCI- 

(Pe^t^'^US^^?"^'' " ^''^ ^'"'^ 500 ug/m. BSA 

Triton-X-lOO is a polyoxyethylene ether surface active compound- 

De^nhardf s reagent is 0^ g/I Rcol 400,000. 0.2 g/l polyvinyl pyrrolidone (PVP) and 0.2 bovine album.n 

^ c« J saline) is 0.01 M sodium phosphate pH 7.4 and 0.1 3M NaCh 

SSPE IS 10 mM sodium phosphate pH7, 0.1 8M NaCI and 1 mM EDTA: 
The following contractions are used:- 

DNA deoxyribonucleic acid 

tRNA transfer ribonucleic acid 
30 EDTA ethylenediaminetetraacetic acid 

PBS phosphate buffered saline 

SOS sodium dodecyl sulphate 

2 X SSC double concentration SSC 

6 X SSC six times concentration of SSC 
35 20 X SSC twenty times concentration of SSC 

BSA bovine semm aJbumin 

BA bovine aibumin 

PVP polyvinyl pyrrolidone 

Tris tris(hydroxymethyl)aminomethane 
40 10 X Core buffer ten times the concentration of CORE BUFFER 

ATP adenosine triphosphate 

NP40 Nonidet P.40 

10 X nick translation buffer ten times the concentration of nick translation buffer 
The following are trade marks 
45 Minifold 
Triton-X-100 
CORE BUFFER 
Rcoll 
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Rese^ch vol l Wl9Mro6^^^^^^^ ^"^^1101 (Edge et al.. Nucleic Acids 

«Lon GCT rLiL ! ^ ^° ^^^^ '"^ ^ designated herein as pK9 in which the 

f^Srine In ?u F^aLJr^^^^ ''''' °^ =°<^°" 'cc which codes 

were rddei 30 r2M^^^^^ I ^"^ ^° "9 ^'^^ »° 153 ul .n water. To these 

were added 30 ul 2MNa0H. 17 ul 1M Tris.HCl pH7.4 and 100 ul 20 x SSC (SSC is 0 15M NaCI OOist^ 
sod.um atrate). Samples were heated to lOO'C for io minutes, then placed Sle and 70 umSV^s-HO 
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5 filtered at a rate of approximately 0 5 r^l oer ^0^^ th T "'^'^ '''P"^^ '° "^''^ a"<^ 

and baked at 80-C for 2 hours I 1^' ZZnl ^'^^^ <^^*e<3 «or 10 m.notes 

correspond,ng to the sequenT o7 t^ffvmheL i'^^^^^^^^ ^^^^^e et al.. see aoove, 

h.P.disatlonWuc.eo.'iesn;^^^ P-^nO. .ere .ed ,or 

Oligonucleotide 11 5- CGTATCTCCCTGTTC 3- ««uences. 

0 Oligonucleotide 13 5" TCCTGTCTGAAAGAC 3' 

3000 Ci/nmol. 10 uCi/ul Amersharn Intern^ ion»h .'^ f'^'f^'"''"'"'" ^^'t aqueous solution, approx. 
PH7.6. 10mM sperS-id ne T^M^Jr T^^^^^^^^ = Tr.s. HCI 

s Nuceic Add ^.e Grade BeSa ReTarcr~rie^) andTu'l Tr TT 

units/ul. Boehringer Mannheim). After 1 hour at 37-C hTHe Lml Polynucleotide kinase (5 

Biogel P2 (Biorad: pre^uilibrated with lOm.^ tJs HCI pH8 mM^?AVTh TTU? ' ' °' 
eluted in the void volume of the eiutinn y.,^Ir J « imMEDTA). The labelled nucleotide was 

labelted oligonudeote proL ta ted^^^^^ ^D^A- 100 ng of 

11. NitroceLose rSs omo wh^ h FSi O^o^rKr^A hT^^^^^^^ .ng un.abe.led oligonucleotide 

hours at 68-C in 5 x Denhardfs reaoent n J r^rn, . a , •^mobilised were prehybndised for 2 
Fraction V, lilies. Laboratori^) 5 x Isc sOmM I 1 9^ BA (bovine albumin, 

sulphate (SOS) anT^orrloniLfed d^n^r^ T ' ^'vcine. 0.1 o/, sodium dodecyl 

formedin 2ml of Sx SSC O sTXSr^J/Zr^ "JT. T '^'^'"^^^ "vbridisafons were pe. 
oligonudeotides 11 and 13 added to^Jhp? ^ ^^^^ ^'S) -"^i 1°° "9 of either 

HyUsations werl^Soi^e^'ove,^^^^^^^^^^^ 1?° "9 of oLgonudeotide 13 added, alone, 

sodium pyrophospha^ -"SmM^"^ m Zp^^^^^^^^^^ ^ ° 

after dianging the wash buffer for a further 3 Sn.rt« »f temperature and. 

phosphate birffered s^ine1pBi oo.MT,l L ! ^mperature. Riters were then treated with 

Trito'x-100(BDHTfo?ro n^r^^^^^^^^ ' '^'^ ^^^'^ ""Gaining 2% BA and 0.1»/, 

Incubation was for 80 minutes at IB'C Rii«r« wl^lT ^ ''9**® (Boehnnger. 5U/ul). 

Tac^s^x;^— ^^^^ 

from the minim'a. hybSo^oT^i^onu^eltS: T^T!^ sign^ obtained for pIFSllOl and resulted 
region of the piasmid pK9 Thus adiarm i^ k, h h ^ ^"'"^ mismatches with the corresponding 

cross link efS^y bTlJat^n oTn^^^^^^^^^^ o hponudeotide probes were shown by this example to 
described the ligation f me'SuTd be reduced experimental conditions 

intensity. ^''"''^'^ '° ^ '"'""^^^ 'o^s of autoradiographic signal 



EXAMPLE 2 



and S^rd'^^l:^^^^^^^^^ °audi us.ng the method of Bl.n 

H:0 and to this was added 40 u. of 10 x COR^bLV^ (|e^^^^^ '''"tT 
(50 units/ul Northumbria Biologicais. Cram.ingfon Nor^Tur^e^^^ Laboratories) and 40 ul Ecofil 

3 hours, the solution was extraaed with an equal v^me of ^J^n;.^!^ T ^''^ 

Chloroform and finally three times with 1 volume of slt^^tT^ ^ ^r^^^l' ' '^'"'"^ °' 

sodium acetate and predpitated with 2 volumes oT ice core^f^o, 4'. SS. ^ T '° 
70% ethanol and the pellet, dried and redissolved in 100 ul S:^ "^''^^ "'^ ""^ 
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3 ug of tne plasmids pIFSllOl and pK9 (see Example i) were dissolved in 17 ul H7O and to this was 
added 2 ul 10 x CORE BUFFER and 1 ul EcoRl (see above). The mixture was incubated for 3 hours at 
37*C and was followed by solvent extractions and EtOH precipitations as (or the Daudi DNA above. The 
dried pellets were redissolved in 10 ul HzO. 
5 10 ug of EcoRl digested Daudi DNA was mixed with 1 ng aiiouots of either pIFSliOl or pK9 and 
subjeaed to gel elearophoresis on a 0.5% horizontal agarose gel as described in Mamatias et al (fwlolecular 
Cloning. A Laboratory tvlanual: Cold Spring Harbor Laboratory. 1982). Following electrophoresis. DNA was 
either transfen-ed onto nitrocellulose filters by the Southern transfer procedure (Maniatis et al) for subse- 
quent hybridisauon or, alternatively. DNA was probed directly within dned agarose gels prepared as 

»o described by Studencki and Wallace (DNA. volume 3. p7 to IS (1984)). For DNA transferred onto 
nitrocellulose filters hybridisation was as described in Example 1 except that the hybridisation temperature 
was 32*C using 100 ng oligonucleotide 11 and 1OO ng 32p labelled oligonucleotide 13 as probes. The filters 
were washed for 30 minutes at room temperature in 5 x SSC, 0.06% sodium pyrophosphate and 20mfvl 
sodium phosphate pH7 and then at 40' C. for 15 minutes to remove most of the 32p labelled oligonucleotide 

Ts assoaated with the pK9 plasmid DNA. The filters were then exposed at -70'C to Kodak X-Omat AR Film 
using intensifying screens. After this 40* C wash, a background signal derived from hybridisation to Daudi 
cell DNA was still evident as shown in Figure 2. 

Dried agarose gels were hybridised directly with 100 ng of both oligonucleotides 11 and 32p labelled 13 
in 50 mM sodium phosphate pH7, 0.9 M NaCI. 5 mM EDTA. 0.3% SDS and 10 ug/ml E.coli DNA at 32"C 

20 overnight The dried gels were subsequently washed in 2 x SSPE (SSPE is lOmM sodium phosphate pH7 
0A8M NaCI. imfwl EDTA) and 0.1% SDS at room temperature for 30 minutes and then at 40«C for 15 
minutes in the same washing buffer. The result was similar to that observed on nitrocellulose filters (Figure 
2). In order to remove background due to hybridisation to Daudi cell DNA. oligonucleotides 11 and 13 
hybridise to DNA immobilised either in nitrocellulose or dried gels were cross-linked by ligation, as 

25 described in Example 1. and finally washed at 60"C for 15 minutes as above. This resulted in a single band 
corresponding to 1 ng of plasmid pIFSllOl with little observable background and with no signal evident 
corresponding to pK9 DNA as shown in Figure 3 for DNA immobilised on nitrocellulose. 



40 



30 EXAMPLE 3 

The plasmid DNA used for analysis was pIFSllOl (Edge et aL, Nucleic Acids Research vol 11 (1983) 
P6419 to 6435). 2 ug of pIFSllOl plasmid DNA was digested with EcoRl (20 units. Bethesda Research 
Laboralones) in a reaction volume of 20 ul for 2 hours using conditions recommended by the enzyme 
as supplier. The reaction mixture was extraaed once with phenol: chloroform (i:i) and once with chloroform 
before adding 2 ul 3M sodium acetate pH 5.2 and 45 ul ethanol. The DNA was precipitated at -20 "C 
overnight washed in 70% EtOH and dried prior to resuspension in 30 ul HjO. 

The oligonucleotides used for analysis were designated 11 (-1) and 13 where oligonucleotide 13 was 
used to construa at the synthetic interferon alphaj gene in pIFSllOl and oligonucleotide il(-i) is a 
derivative of oligonucleotide 11 used for gene construction with a sequence shifted 5' by 1 base. Thus the 
sequences of the oligonucleotides were as follows:- 
Oligonucleotide 11 (-1) 5'CCGTATCTCCCTGTT3' 
Oligonucleotide 13 5TCCTGTCTGAAAGAC3' 

Oligonucleotide 13 was 5' end labelled with 32p using polynucleotide kinase as described for synthetic 
linkers (forward reaction) in fwlolecular Cloning, a Laboratory l^anual (Editors: Ivlaniatis. Fritsch and 
Janbrook. Cold Spnng Harbor). The kinase reaction was stopped by heating to 70 'C for 10 minutes 
followed by 2 successive phenol extractions. The solution was then extracted with ether and excess ether 
was blown off. 

4 ul aliquots of EcoRl digested pIFSiioi DNA were added to 50 ul aliquots of a solution of 10 x SSC 
1% NP40 and 0.5 ug/ml tRNA. 1 pmole aliquots of labelled oligonucleotide 13 either with or without i 
pmole of oligonucleotide ll(.i) was added and the solutions diluted to 100 ul with water. The solutions 
were heated to lOO'C for 5 minutes and then placed in a water bath at 39'C for 2 hours in order for the 
oligonucleotides to hybridise to the target pIFSl I0l DNA. 

DNA samples were dissolved in 10 ul HjO to which was added 1 ul of either 2nM dCTP or L-^M dGTP 
(PL Biochemicals). Then 2.5 ul of 10 x nick translation buffer (see Iwlolecular Cloning, a Laboratory Manual 
olT^ ^° ^° ^ ^•2>- O-IM MgSO. iml^ dithiothreitol and 500 ug/ml 

BSA (Pentax. fraction V) was added and the solutions were diluted with water to 25ul. 2 Units of the Klenow 



so 
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fragment of DNA polymerase I (Boehringer) was aoded and the solutions incubated at room temperature for 
30 minutes. 1.5 uMQ- x nick translation Duffer was added together with 4 al 10 mM ATP and 7 5 ul HjO 2 
units of T4 DNA ligase (Betnesda Research Ijboratones) were added and the solutions were incubated ai 
14»C for 4 hours. 

2 ul of reaction mixtures were analysed on an 8% native polyacrylamide gel. Prior to loading sample^ 
were heated to lOO'C for 5 minutes and rapidly cooled on ice before adding i ul of gel loading Duffer 
(0.25% bromopnenol blue. 0.25% xylene cyanol and 15% Ficoll type 400). Figure 4 shows the results of 
this gel analysis. An autoradiographic signal corresponding to a 32 base long oligonucleotide marker band 
(lane M) was observed only in lane 1 where the polymerase reaction had included dCTP prior to ligase 
treatment. Other samples included polymerase treatment with dCTP present but without ligase treatment 
(lane 2) or without oligonucleotide ll(-1) (lane 5). Inclusion of dGTP in place of dCTP in the polymerase 
step either with ligase treatment (lane 3) or without ligase treatment (lane 4) did not result in an 
autoradiographic signal in the 32 base position. 

These results jndicate that production of the 32 base long ligation product derived from oligonucleotide 
11 (-1) and 13 requires inclusion of the correct deoxynucleotide triphosphate (dCTP) for filling in the single 
base pair gap opposite a G residue between the individually hybridised oligonucleotides. Inclusion of the 
incorrect nucleotide (e.g. dGTP) or. by inference, susbtitution of the G residue in the gap by an alternative 
residue, precludes the formation of the 32 base long ligation product. Thus this constitutes a diagnostic test 
for the presence or absence of a specific nucleotide in a target DNA sequence. 



EXAMPLE 4 

In a further exemplification of the invention a systematic study was performed on the effect of 
mismatches on ligation with T4 DNA ligase over a range of temperatures. Every possible mismatch 
possibility within one strand of a seven base-pair overlap was examined (Table 1). Ugation of mismatched 
oligonucleotides was assayed in competition experiments in the presence of equimolar quantities of the 
non-mismatched oligonucleotide CRN i. The sequences correspond to the -35 region of the E coli tro 
promoter Windass. J D et al Nucleic Acids Research 10. 6639-6657 (1982)). All oligonucieotio7s"i7thi; 
study were charactensed by DNA sequencing (Maxam A M and Gilbert W., Proc. Natl. Acad. Sci USA 74 
560-564 (1977)). Ugation products were quantified after separation by polyacrylamide gel electrophorelTs 
by Cerenkov counting of radioactivity in putative product bands. In all cases where a mismatched 
oligonucleotide was ligated in the presence of the fully complementary oligonucleotide CRN i the yields of 
mismatched ligated product were minimal until the mismatched base was separated from the ligation point 
by 6 base pairs and until the temperature of the ligation reaction in these cases was less then 35 'C 
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Tablt 1 



70 



TGTTGACTGCCCGT 3' CRN2 
trp 3 TGTTCACTGCC 3' CRNl 

5' ATTCTGAAATGAGC 

TTTACTCGACAACTG 5* 

crp 4 

CRN2 TGTTGACTGCCCGT 

CRN6A T 

CRN6B A 
2° CRN6C G 

CRN5A TG TT GT C TG CC CG T 

CRN5B GC 
25 CRN5C GG 

CRN5D TA 

CRNSE CA 



30 



35 



CRN5? AA 

CRN4A TG TC GA C TG CC CG T 
CRN4B TA 
CRN4C TG 
CRN4D CT 
CRNAE AT 
CRN4P GT 

^ CRN3A TT TT GA C TG CC CG T 

CRN3B TC 

CRN3C TA 



45 



CRN3D OG 
CRN3E AG 



CW13F GG 

The region bearing the mismatch is the -35 region of the synthetic E Coli trp promoter. In competition 
with CRN 1 for annealing to the 5' overlap from trp 4 are CRN2 (control) of CRN3A to 60. These 
oligonucleotides cover all possible single base pair mismatches with the tro 4 5' overlap. 
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Materials and Methods 



with nydroxylamine hyaroctilonoe. ■»"3-«19| for the paraal cytosine specific cleavage 

« being « ,„zy™ a5,T„ whic exc^gH S^^nl °™ 

:z s:^ °r°" •^^ """^ -•^■^ 

M TnsWI (PH 9.0). 10 mf^l MgCI,. 20 dWm^l 0 f ™m ^""^ '^''^ °'" 

c<».cenwil«, was vanapie aepana „g onTe aunSo^f . ,^ O.l mf»f EOTA. The ATP 

Adenosirie 5' -f^i trtniv^^? . ! »' onospnorylaiea oligonucleotide 

.0T?s"2;:ropr4ire'ir;:;^^^^^^ - - .oh. , 

30 on ice prior to electrophoresis Electronhnm^ic at lOO C for 2 minutes then rapidly cooled 

nrsrr ~ o, .wc. til, the 

ered ^TttlZ^o^n^ZZ:^^^^^^^ poiyacylamide gel electrophoresis and DNA was recov- 
ml) across'a potenW^^nt o lewSl foJ^i'''"'*"*"' '° ^''^ S-^)' 0-2 mM EDTA (i 

« seconds. Bectr^luates wTS clclnla^^^^^^^ ^''^ ^^^"^ ^«^e''e<^ ^or 20 

500 ul. extracted with PHeno..hi™b^^^^^^^^^^^^^ 

(500 ul). Aqueous phases were extraaed with «t^«r ,T , If .1 '^^ ^^''^cted with water) 

approximately 20 ul. dried Tva^rand Jm^noi^n^ = «'"<=«"^««<1 butanol extraaion to 

resuspending the DNA in 0.jSiu: acrtr(pT5'r25Lnr'' T'''^'^ accomplished .y 
«o Ul). chilling at -70-C for 90 minutesTr fono«r fSo J' k ^ ^" ^""^ '"^^'"S ^''^anol (800 

.me ^So^^siir ^o°0 :rr" E^reire's " r U J Scin..la«on Counter with on 

Placed in 20ul standard ct'n " sVTc'JrS:!^ ^'"1'^ microcentrifuge tubes 

5 then Cerenlcov radiation detemiined bv Ton! !J ?" ? ^^'^ ^° ^0 minutes 

Bands from gels wee exciseT o^Ll Scintillation spectrometer to count for tritium 

determined as^escn^d for^^^^^^^^^^ ^T'^^ ^'als and Ceren.ov radiation was 

same amount Of 3. p.,3.el^,,,,JJ-^^^^ 9el bands relative to the 



50 



Mismatch competition reactions: 
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eoua, ponies. Bom oLgonucliJ we,e 5^oS°„„oZm Jm 4 A^^^^ '° 
were funner ourifiea by oolvacrvlamide o»i .iI™.!T ^ polynucieouae K.nase. They 

MCe,. !E . ,5.0. Mo.e, an. ,0X m.^lZ ,eZTto"'J' " ^ 

no enzyme controls where water (l ui) was added lnr„^.^nl ? L '° O'C 

extrac^on with pheno./ch.orofor. and Sored" t^"^^^^^^^^ ^'""^ d by 

Ahquots (10 UI) were removed from the aqueous phasesof The r«.rtinn« . 
temperature range for each competition and these alSuote Zl^ .7 
formamide/NaOH/bromopheno. blue (20 ui, and eiearophoresi ^ dSed^LT"', °^ 

3;::\r^,r;5.r.°; - - -aratetr 
prop^rro^rn^'o^^^XL?^^^^^^^ z ^rrrr - 

product bands from competrtor were sfr^ilZlvt^^^^^^ ^""^^ ^"^ v.sible 

was visible the area of gef wLTrateq Se n^^^^^^ " "° ^^'"P^^''^^ P^o<^"Ct band 

from the competition o? CR^ ^rCRTj^Tetn^V '"f'^"^"" °' ^'^^ ^"toradiograph 

Proporton of mismatched product in the total Xct at eLhTm^ur^^^^^^^ '° 

.ismrr,iZ^r«'let r^^^^^^ -'^-^ -ere smai, amounts of 

temperatures of 0.5. 10.15 20 and 25 'C essentially constant at l.gation 

pe.^SSa^^^oirrrrrc^'^^^l^SSra^C^ »V app™.„a,e,y SO. w„en ,„a,.„ 
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70 



75 



CRN 2 



NONE 



5^7 



12 lA 



45.1 



20 



CRN 3A 



T 

ACAACTG 



1244 



0.6 



IS 



30 



CKN 3B 



CRN 3C 



CRN 3D 



C 

ACAACTG 
A 

ACAACTG 
C 

ACAACTG 



36 



19 



1196 



1206 



1329 



0.5 



2.9 



l.A 



40 



CRN 3E 



CRN 3P 



A 

ACAACTG 
G 

ACAACTG 



10 



1232 



1086 



0.6 



0.9 



4S 



CRN 4A 



C 

ACAACTG 



12 



963 



1.2 



so 



55 



CRN 4B 



A 

ACAACTG 



12 



1174 1.0 
/continued. . . . 
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Hlsaacch total ! Hlsmatch 

Ollgooucleoclde Hlsaacch prodnct cpa produce cpa product 



G 

CRN AC ACAACTG 15 1183 1.3 

C 

CRN 4D ACAACTG 13 1303 0.1 

A 

CRN AE ACAACTG 24 1281 1.9 

G 

CRN AF ACAACTG 8 1208 0.7 

T 

CRN 5A ACAACTG 67 1136 5.9 

C 

CRN 5B ACAACTG 27 1328 2.0 

G 

CRN 5C ACAACTG 22 1070 2.1 

T 

CRN 5D ACAACTG II 1201 0.9 

C 

CRN 5E ACAACTG 11 1281 0.9 

/continued. . , 
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HlBMtch total z .isMtch 

Oligonucleotide Mlswcch product cp- product cp- product 



A 

CRN 5F ACAACTG 23 1207 2.1 



T 

CRN 6A ACAACTG 498 1333 



A 

CRN 6B ACAACTG 421 12 U 

G 

CRN 6C ACAACTG 418 1222 



36.0 



34.7 



34.2 



The results suggest that deteaion of point mutations in DNA should be possible by pertorming assays 
.n the presence of appropriate pairs of oligonucleotides one of which ,s complementary to the norm«i 
s^uence and one of which is complementary to the mutated sequence followed by analysis of the ligation 



daims 



1. A method for discriminating between alternative nucleotide sequences, which method comprisos 
subjecting adjacent segments of a target base sequence to hybridisation with a detectable first nucleotide 
probe and wrth a second nucleotide probe, to fomi a hybrid, the nucleotide sequence of the first anrt 
second probe being such that where they fomr, a split probe hybrid with a complementary target sequence 
oZ!Z^ S"bs«q"entJy be linked, subjecting any hybrid obtained to linkage, and detection of any hybrid 

me DNA sequence of the detectable first nucleotide probe and of the second nucleotide probe being sucn 

TJ T h ""I^^ ^ ^5®* said probes or at the terminal end 

Of one of said probes which is contiguous with the other of the said probes- 

ttie methodbeing effected such that a complementary target sequence is discriminated from a targr^t 
\sequence with one or more non-complementary nucleotides. 

nrr.^ ^ « Claimed in claim 1 wherein the detectable first nucleotide probe and second nucleotid': 

probe are hybndised to each side of a potential variant sequence in a target sequence the said proboi 
being subjeaed to a linkage reaction which comprises introducing a nucleotide(s) complementary to eithf,r 
me normal or the suspected variant sequence and subjecting the nucleotide(s) to ligation; followed b/ 
detection of any hybrid obtained 

3^ A method as claimed in claim 2 wherein detection is effeaed by subjecting any hybrid obtained to 
selective denaturing whereby any hybrid present, in which linkage of the detectable first nucleotide probe xo 
me second nucleotide probe has not been effected, is denatured. 

o« i w k"*!?*^ " ""^"^ ^ °' 2 "^^^ introduction of me said nucleotide(s) .e 

effected by me use of DNA polymerase. 

coJh* "'T^t'^ "^'^^^ 0* 2 to 4 wherein me deteaable first nucleotide probe anc 

second nucleotide probe are such mat mey hybridise to the target sequence whereby to leave a gap of * 
single nucleotde between me said probes. 
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6. A methCMj as claimed in claim 1 m which a split probe would be formed following hybridisation, witn a 
complementary target base sequence, any hybrid obtained bemg subjeaed to a linking reaction for linking 
the detectable first nucleotide probe to the second nucleotide probe, and the hybrid thus obtained being 
subjected to appropriate treatment whereby any hybrid present, in which linkage of the detectable first 

5 nucleotioe probe to second nucleotide probe has not been effected, is denatured whereas no oenaturation 
is effected for a perfectly complementary detectable linked oligonucleotide-target sequence hybrid. 

7. A method as claimed in claim l wherein, adjacent segments of the target base sequence are 
subjected to hybridisation with a deteaable first nucleotide probe and with a second nucleotide probe such 
that a split probe hybrid would be formed with a complementary target sequence, the hybrid obtained 

70 where necessary being subjected to selective denaturing whereby to denature whichever of the first and 
second nucleotide probes is hybridised to a portion of the target base sequence with one or more non- 
complementary nucleotides the hybrid obtained subsequently being subjeaed to a linking reaction whereby 
to link together the detectable first nucleotide probe to the second nucleotide probe, and where necessary 
subjecting the hybrid obtained to seieaive denaturation. whereby to discnminate between a target 

75 sequence complementary to the first and second nucleotide probes and a target sequence with one or 
more nucleotides non-complementary to one of the first and second nucleotide probes. 

8. A method as claimed in claim 1 for the analysis of translocations in a target base sequence wherein 
the detectable first nucleotide probe is adapted to hybridise across a region of potential translocation(s) and 
the non-deteaable second nucleotide probe is adapted to hybndise to sequences adjacent to said potential 

20 transiocation(s). the non-detectable second nucleotide probe carrying one member of a binding pair, the 
method comprising formation of a split probe hybrid which is subjeaed to linking to form a linked probe 
hybrid which hybrid is then denatured. 

9. A method as claimed in claim 1 wherein each of the deteaable first nucleotide probe and second 
nucleotide probe carry a moiety such that after hybrid formation, and denaturation where appropriate, a - 

25 signal is only detectable if a nucleotide sequence is obtained which carries both the moiety attached to the 
deteaable first nucleotide probe and the moiety attached to the second nucleotide probe. 

10. A method as claimed in claim i for discriminating between alternative nucleotide sequences in 
which a target sequence is subjeaed to hybridisation with more than two oligonucleotide probes such that 
where a complementary target sequence is present a split probe hybrid is obtained, the deteaable first 

30 nucleotide probe being a terminal oligonucleotide probe which is deteaable and the second nucleotide 
probe being the other terminal oligonucleotide probe which has attached thereto one member of a binding 
pair, individual other oligonucleotide probes(s) being hybridised separately but adjacently to a contiguous 
target sequence between the said terminal oligonucleotide probes, the hybrid obtained is then subjected to 
seieaive denaturation whereby to denature any oligonucleotide probe hybridised to the target sequence 

35 across a base pair mismatch, and the individual oligonucleotide probes linked to join the deteaable 
oligonucleotide probe to the oligonucleotide probe having one member of a binding pair attached thereto to 
fonm a linked probe hybrid which is then denatured and contaaed with the other member of the binding 
pair whereby the deteaable linked probe nucleotide sequence including the said binding pair may be 
separated from other nucleotide sequences. 

40 1 1 . A split probe hybrid comprising a detectable first nucleotide probe and a second nucleotide probe 
hybridised to adjacent segments of a target base sequence, the detectable first nucleotide probe being 
capable of linkage to the second nucleotide probe. 

12. A split probe hybrid as defined in claim ii wherein the deteaable first nucleotide probe and/or the 
second nucleotide probe are hybridised to either side of a variant sequence associated with a disease state 

45 or to the corresponding normal sequence: or are hybridised to the target base sequence such a that variant 
bas sequence associated with a disease state therein is at the terminal end of one of said probes, which 
terminal end is contiguous with the other of said probes or are hybridised to the corresponding normal 
sequence. 

13. A kit for discriminating between alternative nucleotide sequences which comprises a deteaable first 
50 nucleotide probe and a second nucleotide probe, each probe having a nucleotide sequence homologous to 

adjacent segments of a target sequence, a potential variant sequence being present in one of said 
segments or therebetween: the deteaable first nucleotide probe and/or the second nucleotide probe being 
such that a potential variant sequence is at the terminal end of one of said probes, wnich terminal end is 
contiguous with the other of said probes or the potential variant sequence is present between said probes. 
55 the kit aditionally containng a reagent(s) for linking said probes. 
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n„r,IotH ^'t as Claimed .n cia.m ,3 wn.ch conta.ns a deteaabie first nucleot.de prooe and se'-ond 
nuc eofde probe for detecting a pomt mutat,on associated w,th a disease state as well as a oeteciaoTelrst 
nucleot.de probe and a second nucleot.de probe for cetect.ng the corresponding normal sequeTce n 1 n 
the point mutation was atssent. ^^Mucrn^e m wnicn 
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Fig.U. 
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Fig. 5. 
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Fig,6, 
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